In the experimental support program, the effects of seed bed particle size and depth were studied, and operation of the miniplant with a new zinc vaporizer was initiated, revealing the need for modification of the latter.
Experimental operation of a cell for the electrolysis of ZnC1 2 byproduct of the miniplant revealed no problems relative to the presence of zinc and finely divided silicon in the by-product. The cell will be redesigned in light of information obtained on the Bureau of Mines operation.
It was determined experimentally that the solubility of ZnC1 2 in SiC1 4 at room temperature is <0.2 percent, and that water hydrolysis of SiC1 4 (g) is effective in removing it from C12(g to demonstrate the process and to provide a sound engineering basis for further scale-up. As the background for the ,`base II program is full y summarized in the Fifth-Sixth Quarterly Report, it will not be repeated here, even briefly.
Rather,, this report will be limited to changes in process concept that have occurred, and progress that has:been made in furthering the design task and in the experimental study of process parameters and equipment design. Accordingly, progress is reported in two sections, Design of the Experimental Facility, These items will be discussed in turn.
Process Flow Diagram -Materials/Energy Balance
The April 1, 1977 , revisions of the process flow diagram and materials/ energy balance were presented as Figure 4 and Table 2 , respectively, of the Fifth/Sixth Quarterly Report. Changes have been made since that time related mainly to the waste product handling (to be discussed in a separate section). It will be noted that the elimination of SiC14 removal from the chlorine --Minor last-minute revisions were made in the figure, thus accounting for the revision date beyond the report period. 
Ja. These discussions will be pursued further as the design progresses.
ZnC1 2 Recycle Alternatives
Because of the complexity of recycling the zinc component* of the ZcC12 by-product of the fluidized-bed unit, consideration was given to the alternative of treating the ZnC1 2 as a co-product, disposing of it commercially, and crediting the return toward the cost of purchasing new zinc.
The possibility of burning ZnC1 2 (9) to pigment-grade ZnO was ruled out early, as that reaction is very inefficient; indeed, the reverse reaction, * Recycling the C1 2 in the experimental facility has already been ruled out, because the technology of SiC1 4 manufacture is already well in hand and adding that complexity to the experimental facility was not justifiable. One of the major problems with the Bureau of Mines operation arose from the fact that their cell is "open", i.e., loosely baffled, and is therefore subject to back diffusion of air, leading to the formation of a zinc oxide "scum" on the electrolyte surface. The fact that we will be dealing with a closed system avoids that problem.
Waste Processing
During the current report period, attention has been given to the provisions necessary for proper disposal of the chlorine evolved from the ZnCl 2 electrolysis, and it is believed that a reasonable arrangement has been 13 devised. As the details have not as yet been worked out, no names will be mentioned; howevell a the arrangement in principle involves accepting 20 percent caustic solution from a vendor, chlorinating it to form sodium hypochlorite Solution until the eausti , level is reduced to 1 percent NaOH and then returning it to the vendor for use in chlorinating sewage plant effluent locally. This information will be compiled and presented later when it is complete.
Design Strategy
The design tasks involved in Phase II of this program fall under three categories:
(1) Conventional Chemical Engineering, non-specialized would therefore take the major responsibility for the items of unconventional design, seeking assistance on an ad-hoc basis as needed, for example as in the design of the electrolytic cell for ZnC1 2 recycle discussed above.
The assignment of responsibility for the design of individual items and systems is given in Table 2 . 
Cl, F4
Underlined items require extensive BCL involvement.
Letter codes refer to major equipment items cited in Figure 1 and Table 1 .
It will be noted that certain items in the letter sequences are "missing", such as El to E4. This is explained by the fact that as the design changes, items in earlier designs are dropped and new items are assigned new code numbers, rather than vacated numbers. This is done to avoid confusion of the records. It is essential that heat transfer be maximized to avoid the necessity of excessively high temperatures at the heat source and further aggravation of an already limited situation with regard to choice of materials of construction. Heat transfer calculations have been made on two versions of a zinc vaporizer and it is believed that a suitable design will emerge. The design of this composite system will be reported when further crystallized.
Operation Cost, Experimental Facility
In response to a JPL request, estimations were made as a function what arbitrary. The additional information was desired so that SPL can make logical decisions relative to cost versus projected silicon needs.
In making the calculations, the process flow sheet of Figure 1 was assumed. High-gurity zinc and technical-grade SiC1 4 were assumed to be purchased from appropriate sources at January, 1975, prices and no credit was taken for by-products. That is, the hypochlorite formed from the by-product chlorine was assumed to be traded for the caustic solution used in its disposal.
In general, the estimates were made on the basis of those in the and an appropriate support staff factor were added for each increment of facility size. Capital investment costs were increased by the 0.6 power of the size using the 25 MT/year cost as the base, e.g., ratio of capital costs = (C /C ) 0 ' 6 . A maintenance and repair cost of 9 percent of the capital 50 25 investment was used. This is a lower percentage than was used in estimatiag the production costs for the 1000 MT/year facility, but certain items involved in this item for the 1000 MT/year facility are covered in the labor-related costs for the experimental facility.
The results of this exercise are given in Table 3 . In addition, larger particles are of interest because a typical bed of a continuously operated unit would be expected to contain a particle size distribution of roughly 200 to 1200 pm in order to obtain the volume increase in seed and the silicon deposition rates per unit size desired.
Not only was
It should be noted that the term "blow-over" refers to an inertial transfer of bed material to the exit line due to surges in the bed rather than to elutriation in the sense that the terminal velocity has been exceeded, the particle size increased to reduce "blow-over", but a shallower bed was and not subject to improvement with a deeper bed of larger particles. This factor will be investigated further as there is some (as yet unknown) limit to the amount of silicon dust that can be handled as a by-product by chl:rination in the electrolytic cell as now planned; beyond this limit additional facilities for dust handling would be required.
Zinc Vaporizer
As pointed out in the Fifth/Sixth Quarterly Report, the zinc vaporizer Three differences exist between the new vaporizer and that tested in the laboratory:
(1) The 3-mm to 6-mm graphite packing is contained in a quartz rather than graphite tube (2) Heating is by radiation through the quartz envelope rather than by direct induction heating cF. the graphite tube (3) The liquid zinc is introduced above the packing rather than from an orifice immersed in the packing. Owing to the high resistivity of the ZnC1 2 without salt additives, the overall energy utilization efficiency was low., about 9 to 11 percent, much more resistive heat being generated than was necessary to maintain the cell at 500 C. Addition of KC1 or other salts as practiced by the Bureau of Mines would increase the energy efficiency by decreasing resistivity. An ideal balance would be obtained at the point that the resistive heat is just sufficient to offset the heat lost in maintaining the cell.at 500 C.
The electrolytic cell is being redesigned in accordance with Bureau of Mines practice, and it is expected to be operable by the third week in July.
Removal of SiC1 4 From C12
Before it was found that the hypochlorite from C1 2 disposal could be used for local sewage plant effluent chlorination without removing the SiC14 , experiments were run to determine whether the SiC1 4 could be removed by water scrubbing (hydrolysis of the SiCl4 ). It was determined that no more than a gram of water per liter of C1 2 would be needed to effectively remove the SiC1 4 without forming a gel of hydrolyzed Si0 2 of prohibitively low fluidity.
Solubility of ZnC1 2 in SiCl4
In work with the design thus far, it has been assumed that ZnC12 
